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Experimental 

Crystal data 

C28H22CI2N2O2 
M, = 489.38 
Triclinic, PI 
a = 9.2358 (5) A 
b = 11.8559 (6) A 
c = 23.5218 (12) A 
a = 75.810 (4)° 
P = 80.326 (4)° 



Data collection 

Stoe IPDS 2 diffractometer 
Absorption correction: multi-scan 

(MULscanABS in PLATON; 

Spek, 2009) 

7mi„ = 0.772, r maI = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.053 

wR(F 2 ) = 0.125 

5 = 0.98 

9183 reflections 



y = 79.288 (4)° 
V = 2433.1 (2) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.30 mm -1 
T = 173 K 

0.45 x 0.18 x 0.12 mm 



29251 measured reflections 
9183 independent reflections 
5705 reflections with 1 > 2a(I) 
Kin. = 0.071 



617 parameters 

H-atom parameters constrained 
A/w = 0.26 e A~ 3 
Ap mi „ = -0.30 e A~ 3 



The title compound, C28H22CI2N2O2, crystallized with two 
independent molecules {A and B) in the asymmetric unit. The 
two molecules differ essentially in the orientation of the outer 
aromatic rings. These dihedral angles are 56.07 (13) and 
27.62 (15) A for molecules A and B, respectively. In the 
crystal, A molecules are related as centrosymmetric pairs 
through a weak jt-tt interaction [centroid-centroid distance = 
3.6959 (15) A]. There are also a number of intermolecular C— 
H- ■ O, C— H- • -N and C— H- ■ jr interactions present. 

Related literature 

For early work on the synthesis of multidentate Schiff base 
ligands, see: Weber (1967); Lesser et al. (1975); Munro & 
Camp (2003). For examples of Schiff base metal complexes 
exhibiting biological properties, see: Golcu et al. (2005); Liu & 
Yang (2010). For examples of Schiff base metal complexes 
exhibiting catalytic properties, see: Daier et al. (2004). For 
details of photochromic properties of some Schiff base 
complexes, see: Zgierski & Grabowska (2000). For examples 
of some similar 4,4'-biphenyl diamine Schiff bases, see: Lesser 
et al. (1975); Aygun et al. (2004); Hou et al. (2006). For details 
of the Cambridge Structural Database, see: Allen (2002). 
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Table 1 

Hydrogen-bond geometry (A, °). 

Cg2, Cg5 and Cgl are the centroids of the C8-C13, C29-C34 and C42-C47 
rings, respectively. 



D-H-A 


7J-H 


H- ■ A 


D- ■ A 


D-H-A 


C23-H23- ■ 04' 


0.95 


2.48 


3.348 (4) 


152 


C31-H31---N1" 


0.95 


2.57 


3.498 (4) 


166 


C3-H3- ■ ■Cg5 m 


0.95 


2.75 


3.642 (3) 


156 


C30-H30- ■ Cg2" 


0.95 


2.90 


3.641 (3) 


136 


C33-H33- ■ -Cgf 


0.95 


2.97 


3.850 (3) 


154 



Symmetry codes: (i) x+l,v— l,z; (ii) .v, y,z+U (ui) x— l,y, z — 1; (iv) 
-x + l,-y + l, -z + 1- 



Data collection: X-AREA (Stoe & Cie, 2009); cell refinement: X- 
AREA- data reduction: X-RED32 (Stoe & Cie, 2009); program(s) 
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) 
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular 
graphics: PLATON (Spek, 2009) and Mercury (Macrae et al., 2006); 
software used to prepare material for publication: SHELXL97, 
PLATON and publCIF (Westrip, 2010). 

AS thanks the UGC, India, for the award of a Research 
Fellowship in Sciences for Meritorious Students [File No. 4-1/ 
2008 (BSR)]. HSE thanks the staff of the XRD Application 
LAB., CSEM, Neuchatel, for access to the X-ray diffraction 
equipment. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FL2345). 
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A r ^V-Bis(4-chlorobenzylidene)-3,3'-dimethoxybiphenyl-4,4'-diamine 
A. Subashini, K. Ramamurthi and H. Stoeckli-Evans 

Comment 

Multidentate Schiff base ligands have been studied for many years (Weber, 1967; Lesser et ah, 1975; Munro & Camp, 2003). 
Metal complexes of multidentate Schiff base ligands play an important role in the development of coordination chemistry 
and possess important properties, such as biological activity (Golcu et ah, 2005; Liu & Yang, 2010), catalytic activity 
(Daier et al., 2004) and photochromic properties (Zgierski & Grabowska, 2000). Because of the structural characteristics 
of the Schiff base products {i.e. electron donor and acceptor groups connected to a 7i-conjugated chain), they will have 
potential as NLO or electro-optical materials. We present here the synthesis and crystal structure of the title 4,4'-biphenyl 
diamine Schiff base compound, prepared by the condensation reaction of 3,3'-dimethoxybenzidine with two equivalents of 
4-chlorobenzaldehyde. There are a number of examples of similar Schiff bases in the Cambridge Structural Database (Al- 
len, 2002); for example, 2,2'-Dibromo-4,4'-bis(/?-methoxybenzilideneamine)biphenyl (Lesser et ah, 1975), 3,3'Dimethoxy- 
benzidene(2-hydroxybnzilidene)amino)biphenyl (Aygun et ah, 2004) and 4,4'-bis(2,6-Dichlorobenzilideneamino)biphenyl 
(Houe?a/.,2006). 

The title compound crystallized with two independent molecules (A and B) in the asymmetric unit, Fig. 1. The 3,3'-di- 
methoxybiphenyl moieties in the two molecules have similar conformations, with the aromatic rings being inclined to one 
another by 36.12 (13) ° in molecule A and by 38.09 (13) ° in molecule B. A view of the Auto-fit figure (Fig. 2; Spek, 
2009) of inverted molecule B on molecule A illustrates the difference in the conformation of the two molecules. The outer 
aromatic rings, Ring-1 (CI — C6) and Ring-4 (C21 — C26), are inclined to one another by 56.05 (13) ° in molecule A, while 
in molecule B Ring-5 (C29 — C34) and Ring-8 (49-C54) are inclined to one another by 27.62 (15) °. In molecule A Ring-1 
(CI— C6) is inclined to Ring-2 (CI 4— C19) and Ring-3 (C21— C26) by 10.26 (13) and 56.07 (13) °, respectively. This is 
different to the situation in molecule B where Ring-5 (C29— C34) is inclined to Ring-7 (C42 — C47) and Ring-8 (C49— C54) 
by 85.70 (13) and 27.62 (15) °, respectively. 

In the crystal the A molecules stack head-to-tail with a separation of the CI atoms, C11—C12 , of 3.5048 (12) A (sym- 
metry code (i) = x - 1, x + 2, x - 1). The B molecules stack head-to-head with a shorter separation of the CI atoms; the 

distance C14-C14 11 being 3.3 173 (18) A (symmetry code (ii) =-x-l,-y + 3, -z). The crystal structure is further stabilized by 
intermolecular C-H-O and C-H - N hydrogen bonds (Table 1 and Fig. 3). The A molecules are related as centrosymmetric 

pairs through a weak n-n interaction [Cgl—Cgl 1 = 3.6959 (15) A; Cg2 is the centroid of Ring-2 (C8 — C13); Symmetry 
code: (i) -x, 1 -y, -z]. 

Footnote to Table 1: Cg2 is the centroid of Ring-2 (C8— C13); Cg5 is the centroid of Ring-5 (C29— C34); Cg7 is the 
centroid of Ring-7 (C42— C47). 
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Experimental 

The title compound was synthesized by mixing 3,3'-dimethoxybenzidine and 4-chlorobenzaldehyde (molar ratio 1:2) in 
methanol at 343 K for 1 h. The mixture was then allowed to cool to RT giving a brown solid. Recrystallization from methanol 
gave brown rod-shaped crystals of the title compound suitable for X-ray diffraction analysis. 

Refinement 

The C-bound H-atoms were included in calculated positions and treated as riding atoms: C — H = 0.95 and 0.98 A for 
CH(aromatic) and CH3, respectively, with £/j S0 (H) = k x (7 e q(parent C-atom), where k = 1.5 for CH3 H-atoms and k = 1.2 
for all other H-atoms. 

Figures 



Fig. 1. A view of the molecular structure of the two independent molecules (A and B) of the 
title compound with the atom numbering. The displacement ellipsoids are drawn at the 50% 
probability level. Hydrogen atoms are shown as spheres of arbitrary radii. 



Fig. 2. A view of the auto-fit of molecule B (red) inverted on molecule A (black); the best 
weighted and unit weight RMS-fit parameters are 0.843 and 1.065 A, for 34 fitted atoms 
[Auto-fit routine in PLATON (Spek, 2009)]. 



Fig. 3. A view along the b axis of the crystal packing of the title compound. The intermolecu- 

lar C-H..O and C-H..N interactions, and the short C11-C12 1 interactions [3.5048 (12) A; 
symmetry code (i) =x - 1, x + 2, x - 1], are shown as dashed cyan lines. H-atoms not involved 
in these interactions have been omitted for clarity. 



iV,iV l -Bis(4-chlorobenzylidene)-3,3'-dimethoxybiphenyl-4,4 l - diamine 



Crystal data 




C 2 8H22C1 2 N 2 02 


Z = 4 


M,- = 489.38 


F(000) = 1016 


Triclinic, PI 


D x = 1.336 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 9.2358 (5) A 


Cell parameters from 1 6478 reflections 


6= 11.8559 (6) A 


9= 1.8-26.0° 


c = 23.5218 (12) A 


|i = 0.30mm _1 


a = 75.810 (4)° 


T= 173 K 


[3 = 80.326 (4)° 


Rod, brown 


y = 79.288 (4)° 


0.45 x 0.18 x 0.12 mm 
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V= 2433.1 (2) A 3 



Data collection 



Stoe IPDS 2 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(MULscanABS in PLATON; Spek, 2009) 

r min = 0.772, r max = l.ooo 

2925 1 measured reflections 



9183 independent reflections 

5705 reflections with / > 2o(7) 
^,= 0.071 

9max = 25.6°, 9 m i n = 1.8° 

h = -ll->U 

* = -14-»14 
/ = -28^28 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.053 
wR(F 2 ) = 0.125 
5 = 0.98 

9183 reflections 
617 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 2 ) + (0.0607P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax = 0.26 e A~ 3 
Ap min = -0.30eA" 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the 
variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and tor- 
sion angles 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *ITJ 
^iso ' ^eq 


Cll 


-0.16693 (10) 


0.73278 (7) 


-0.42605 (3) 


0.0557 (3) 


C12 


0.76750 (12) 


0.00726 (7) 


0.47655 (4) 


0.0700 (3) 


Ol 


0.1449 (2) 


0.70175 (15) 


-0.09211 (8) 


0.0440 (7) 


02 


0.2304 (2) 


0.10960 (15) 


0.19381 (8) 


0.0423 (6) 


Nl 


0.0777 (3) 


0.57226 (18) 


-0.15956 (9) 


0.0379 (7) 


N2 


0.4364 (3) 


0.19921 (19) 


0.22848 (9) 


0.0399 (8) 


CI 


-0.1290 (3) 


0.6770 (2) 


-0.35318 (11) 


0.0402 (9) 


C2 


-0.2099 (4) 


0.5962 (3) 


-0.31557 (13) 


0.0497(11) 


C3 


-0.1785 (3) 


0.5547 (3) 


-0.25790 (13) 


0.0478 (10) 


C4 


-0.0646 (3) 


0.5919 (2) 


-0.23855 (11) 


0.0393 (9) 


C5 


0.0142 (3) 


0.6737 (2) 


-0.27775 (12) 


0.0461 (10) 
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A AQ07 /I C\ 

U.U3oZ (1 J) 


A AQQA / 1 A\ 

U.U33U (14) 


A AA7Q ( 1 X\ 

u.uu /y (13) 


a a i a/c (\ x\ 
U.U130 (13) 


A AA0 7 (\ 1 \ 

U.UUo /(ll) 


C3o 


A ACOI ( 1 Q\ 

U.UJ03 (iy) 


A AT 1 C (\ X\ 

U.U3 1 3 (13) 


A AT a 1 /I /1\ 

U.U331 (14) 


A AAC/C / 1 X\ 

U.UUjd (13) 


A A 1 A A /I 1\ 

U.U 14U (13) 


A AA7/C / 1 1 \ 

U.UUZO (11) 


C3y 


U.U34 / (1 J) 


A AT C.7 (\ A \ 

U.U3 D 1 (14) 


A A77C (\ a\ 
U.UZ / J (13) 


A AA7A (\ 1 \ 

U.UU /U (11) 


U.UUOO (11) 


A AA 1 Q / 1 1 \ 

U.UUlo (11) 


C4U 


U.U30 / (1 J) 


A ATCO /I /1\ 

U.U3 Jo (14) 


A ATOA (\ X\ 

U.UZoU (13) 


A AAQ/C /I 1 \ 

u.uuyo (ii) 


A AA07 (\ 1 \ 

U.UUoZ (11) 


A AAQC (\ 1 \ 

U.UU3 J (11) 


C41 


A A1 C7 n c\ 
U.U3 J / (1 J) 


A A1 \ A (\ 1\ 

U.U3 14 (13) 


A A1A/1 (\ 1\ 

U.U3U4 (13) 


A AA/C 1 /1 1 \ 

— U.UUol (11) 


A AAOA (\ 1 \ 

— U.UUoU (11) 


A AA 11 /I A\ 

— U.UU11 (1U) 


C4Z 


A A177 /'I CA 

U.U 3Z 1 ( 1 J) 


A A1/CQ /I /I \ 

U.U30V (14) 


U.UZoj (13) 


A AA1Q ( 1 1 \ 

u.uu3y (ii) 


A AA/1Q (\ 1 \ 

u.uu4y (ii) 


A AACC / 1 1 \ 

U.UU J J (11) 


C43 


A A/1 1 A /i /:\ 

U.U4iy (10) 


A AT /C 1 /I /|\ 
U.U301 (14) 


A A17/1 (\ A\ 

U.U3Z4 (14) 


A AA07 /I 7\ 

U.UUoZ (1Z) 


A AACQ ^1 7A 

u.uuoy (iz) 


A AA 1 "3 / 1 1 \ 

U.UU 13 (11) 


C^AA 
C44 


A A1/17 (\ CA 

U.U34 / (1 J) 


A A/1 a 1 / 1 c\ 

U.U43 1 (1 J) 


a at 7/i / 1 ,i\ 
U.U3Z4 (14) 


A A1 1 Q /I -)\ 

u.ui iy (iz) 


A AAQC (\ 7\ 

u.uuyj (iz) 


A AA7/C (\ 1 \ 

U.UUZO (11) 


C4j 


A AT AO C\ C\ 

u.uzyo (i d) 


A AT Q/C /I /1\ 

U.Ujvd (14) 


A A70Q (\ Q\ 

U.UZoV (13) 


A AA7 0 (\ 1 \ 

U.UUZo (11) 


A AA71 (\ 1 \ 

U.UU / I (11) 


A AA/1 A (\~\ \ 

U.UU44 (11) 


C40 


a nno /i c\ 
U.U3Zo (1 J) 


A A1 /CI /'I /I \ 

U.UJOl (14) 


A A707 (\ 1\ 

U.UZo/ (13) 


A AA r 1 / 1 1 \ 

— U.UUJ3 (11) 


A AA/1 1 /'I 1 \ 

— U.UU41 (11) 


A AA1 A ( 1 1 \ 

— U.UU3U (11) 


r 1 /! 7 
L-4 / 


A AT/1 1 /I C\ 

U.U341 (1 J) 


A AT (L C /I /1\ 

U.UjdD (14) 


A A7QQ (~\ 1\ 

u.uzyy (13) 


A AA/C 7 1 ^ 

U.UUo /(,!!) 


A AA77 / 1 1 \ 

U.UU / / (ii) 


a aa c 7 n n 
U.UUjZ (11) 


C4o 


A A/1 7Q / 1 0\ 

u.u4zy (io) 


A A/1 C7 /I /C\ 

U.U4j / (10) 


A A1/C7 /^l C\ 

U.U30 / (1 J) 


A AA/CO /i a\ 
U.UUoo (13) 


A A 1 A7 (\ X\ 

U.U1UZ (13) 


A AA C A ( 1 7\ 

U.UUjU (IZ) 


C4V 


A A/1 1/1 /I 7\ 

U.U4 14 ( 1 /) 


A A177 (\ ^\ 

U.U3 / / (1 j) 


A A/1 O 1 /I 7\ 

U.U451 ( 1 /) 


A AA C 7 /I 7\ 

U.UU JZ ( IZ) 


A A7nn (\ A \ 
U.UZUU (14) 


A AAOC (\ 7\ 

U.UUo J ( IZ) 


LOU 


A A/1 7 f")\ 

U.U4 / (Z) 


U.UoZ (Z) 


A A71 /7\ 
U.U /3 (Z) 


A AAT/C / 1 /:\ 

U.UU3D (10) 


u.uzjy (i /) 


A A1 OQ / 1 ~!\ 

u.uioy (i /) 


C51 


A A/CA /">\ 

0.060 (2) 


0.057 (2) 


A 1 A1 /T \ 

0.102 (3) 


A AA A A /1 T\ 

0.0044 (17) 


A ACT {"\\ 

-0.052 (2) 


A ATA /T\ 

-0.020 (2) 


C52 


0.090 (3) 


0.0412(17) 


0.072 (2) 


-0.0083 (17) 


-0.060 (2) 


-0.0046(16) 


C53 


0.084 (3) 


0.0481 (17) 


0.0472 (18) 


-0.0153(17) 


-0.0320 (18) 


-0.0025 (14) 


C54 


0.0548 (19) 


0.0441 (16) 


0.0435 (17) 


-0.0075 (14) 


-0.0236 (15) 


-0.0042(13) 


C55 


0.074 (2) 


0.0327 (15) 


0.0489(17) 


-0.0053 (14) 


-0.0258 (16) 


-0.0059 (13) 


C56 


0.060 (2) 


0.0463 (16) 


0.0423 (16) 


-0.0218(15) 


-0.0163 (14) 


0.0056 (13) 



Geometric parameters (A, °) 



Cll— CI 


1.749 (3) 


C22— H22 


0.9500 


C12— C24 


1.748 (3) 


C23— H23 


0.9500 


C13— C29 


1.749 (3) 


C25— H25 


0.9500 


C14— C52 


1.744 (4) 


C26— H26 


0.9500 


Ol— C9 


1.369 (3) 


C27— H27C 


0.9800 


Ol— C27 


1.430 (3) 


C27— H27B 


0.9800 


02— C28 


1.424 (4) 


C27— H27A 


0.9800 


02— C18 


1.367 (3) 


C28— H28A 


0.9800 


03— C41 


1.371 (3) 


C28— H28B 


0.9800 


03— C55 


1.418(3) 


C28— H28C 


0.9800 


04— C46 


1.372 (3) 


C29— C30 


1.371 (5) 


04— C56 


1.431 (4) 


C29— C34 


1.384 (4) 


Nl— C7 


1.270 (4) 


C30— C31 


1.388 (4) 


Nl— C8 


1.412(3) 


C31— C32 


1.377 (4) 


N2— CI 7 


1.412(3) 


C32— C33 


1.395 (4) 


N2— C20 


1.264 (5) 


C32— C35 


1.474 (4) 


N3— C35 


1.265 (3) 


C33— C34 


1.383 (4) 


N3— C36 


1.412(3) 


C36— C37 


1.389 (3) 


N4— C45 


1.413 (3) 


C36— C41 


1.408 (3) 
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JN4 C48 


1 T70 {A \ 
1.2 /8 (4) 


pn pio 
C3 / — C38 


1 1 0"7 {A \ 

1.36/ (4) 


p 1 po 
CI — C2 


1 "in A t A\ 
1.3 /4 (4) 


pio pm 
C38 — C3y 


1 i n 1 /i \ 

l.jyi (i) 


p 1 p/: 
CI — Co 


1 1 O 1 //I \ 

1.381 (4) 


pm P/in 
C3y — C4U 


1 a n 1 n\ 
1.4U1 (i) 


po pi 
C2 — C3 


1 IOC //1\ 
1.38D (4) 


P1Q P/IO 

C3y — C42 


1 A 0/1 /1\ 

1 .464 (3 j 


pi p/i 
C3 C4 


1 mi l a \ 

i.jyj (4) 


p/in P/l 1 
C4U — C41 


1 1QQ ( A\ 
1.366 (4) 


p/i p~7 
C4 — C / 


1 a nr\ (a \ 
1.4 /U (4 ) 


p/io P/iT 
C42 — C43 


1 mn i a\ 
1.3yU (4j 


p/i pc 
C4 — CD 


1 IOC //1\ 

1.35J (4 J 


P/io p/n 
C42 — C4 / 


1 A no /i\ 
1 .4U2 (3 j 


pc P£ 
CD — Co 


1 i on //i \ 
1.38U (4) 


P/iT P/i /i 
C43 — C44 


1 1 0"7 i A \ 

1.36/ (4) 


po pn 

Co — cy 


1 a nn //i \ 
1.4Uy (4) 


P/1 /I P/i c 
C44 — C45 


1 i on /"3\ 
1.36y (i) 


po 

CS — CI j 


1 inn fi\ 
l.iyU (3 ) 


P/1C P/1£ 

C4j — C40 


1 /inn ^/i\ 
1 .4Uy (4 ) 


pn nn 
CV — C1U 


1 1 OO i A \ 

1.365 (4) 


P y] /T P/n 

C4o — C4 / 


1 TO£ i A\ 

1.360 (4) 


C1U — CI 1 


1.4U2 (3) 


p/i o P/in 
C48 — C4y 


1 /i /;n //i \ 
1.4oy (4) 


pi 1 fl J 

CI 1 — C14 


1 /I O 1 //I \ 

1.481 (4) 


p/in pen 
C4y — C5U 


1 1 0"7 /C\ 

1.36/ (?) 


n i pit 
CI 1 — C12 


1 i no f a \ 
l.iyZ (4) 


P/in pc/i 
C4y — C54 


1 i on //i \ 
1.36y (4) 


p 11 pi i 
C12 — C13 


1 i on //i \ 

i.joy (4) 


pen pel 
C5U — C51 


1 Ida i£\ 
1.3yo (0) 


n i pic 
C14 CO 


1 i n/i //i \ 

i. jy4 (4) 


PC 1 PCO 

C51 — C52 


1 in a { £\ 
1.3 /4 (0) 


pi i pin 

ci4 — ciy 


1 i nc {a \ 

i.jys (4) 


PCT PCI 

C52 — C53 


1.3 li (0) 


P1 C P 1 /C 

CIS — Clo 


1.360 (4) 


pel red 
C53 — C54 


1 1 OC f A \ 

1.385 (4) 


p 1 /: p 1 t 
ClO — CI / 


1 i on //i \ 
1.36V (4) 


pin um 
C3U — Hii) 


n ncnn 

u.ysuu 


P 1 "7 P 1 O 

CI / — C18 


1 A n"7 //I \ 

1.4U/ (4) 


P1 1 Ul 1 

C31 — H31 


n ncnn 

u.ysuu 


pi o pin 

C18 — ciy 


1 1 OC {A \ 

1.363 (4) 


pn un 
C33 — Hii 


n ncnn 

u.ysuu 


nn pn 
C2U — C2 1 


1 A nc i A \ 

1.4 /0 (4) 


PI /I Ul A 

C34 — H34 


n ncnn 

u.ysuu 


pn pn 
C21 — C22 


i mi l a\ 

i.jyi (4) 


PIC TJ1 C 

C35 — H35 


n ncnn 

u.ysuu 


pt 1 n<: 
C21 — C2o 


1.360 (4) 


pn nn 
C3 / — Hi 1 


n ncnn 

u.ysuu 


PTT PT3 

C22 — C23 


1 i o/: /c\ 
1.360 (?) 


PIO HI O 

C38 — H38 


n ncnn 

u.ysuu 


PT3 PI/1 

C23 — C24 


1 i "7n /c\ 
1.3 IV (Z>) 


p/in u/in 
C4U — H4U 


n ncnn 

u.ysuu 


PT/1 PIC 

C24 — C25 


1.3 / / p) 


P/1 1 U/1 1 

C43 — H43 


n ncnn 

u.ysuu 


pic n<: 
C25 — C2o 


1 1 O 1 f A \ 

1.381 (4) 


P/1 /I U/1 A 

C44 — H44 


n ncnn 

u.ysuu 


PI LIl 

C2 — HZ 


n ncnn 

u.ysuu 


P/1 "7 \J A "7 

C4 / — H4 / 


n ncnn 

u.ysuu 


PI III 

C3 — Hi 


n ncnn 

u.ysuu 


P/1 O U/1 o 

C46 — H46 


n ncnn 

u.ysuu 


PC uc 

C5 — Hi 


n ncnn 

u.ysuu 


pen ucn 
C5U — H5V 


n ncnn 

u.ysuu 


P£ U£ 

Co — Ho 


n ncnn 


PC 1 UC 1 

C51 — H51 


n ncnn 

u.ysuu 


n in 
C/ — HI 


n ncnn 

u.ysuu 


PCI uc 1 

C53 — Hii 


n ncnn 

u.ysuu 


p 1 n um 
C1U — H1U 


n ncnn 

u.ysuu 


PC/1 UC/1 

C54 — H54 


n ncnn 

u.ysuu 


C12 H12 


0.9500 


C55 — H55A 


0.9800 


C13— H13 


0.9500 


C55— H55B 


0.9800 


C15— H15 


0.9500 


C55— H55C 


0.9800 


C16— H16 


0.9500 


C56— H56A 


0.9800 


C19— H19 


0.9500 


C56— H56B 


0.9800 


C20— H20 


0.9500 


C56— H56C 


0.9800 


C11-C12' 


3.5048 (12) 


C14--C14" 


3.3173 (18) 


pn p.1 m 
Cy — Ul — C2 / 


I 1 H 1 t"1\ 

II /.I (2) 


UIOA PTO UTOD 

H28A — C26 — H26rs 


1 1 n nn 
11U.UU 


pio mo 
CI 5 — (J 2 — C28 


117.0 (2) 


P.O PTO TTTO A 

U2 — C2 6 — HZ 6 A 


1 nn nn 

109.00 


C41— 03— C55 


116.9(2) 


02— C28— H28B 


109.00 


C46— 04— C56 


117.7(2) 


02— C28— H28C 


109.00 


C7— Nl— C8 


119.7(2) 


C13— C29— C30 


119.1 (2) 


CI 7— N2— C20 


119.2(2) 


C13— C29— C34 


119.2 (2) 


C35— N3— C36 


119.7(2) 


C30— C29— C34 


121.8 (3) 
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P/IC TvT A P/IO 

C4D — JN4 C4o 


1 1 n n 

1 ly.U (2) 


pi 1 p 1 p/; 
Cll — CI — Co 


lion /i\ 
11 0.0 (2) 


pi pi p/: 
C2 — CI — Co 


111 o 

121.0 (i) 


pi 1 p 1 pi 
Cll — CI — C2 


1 in i /i\ 
12U.2 (2) 


pi pi pi 
CI — C2 — C3 


1 |o n n| 

iio.y (3) 


pi pi p/i 
C2 — C3 — C4 


nn o /i\ 
120.0 (3) 


pi p/i pc 
C3 — C4 CD 


1 1 O £L /1\ 

11 o.o (2) 


pi p/i pi 
C3 C4 C / 


i in i /i\ 
12U.1 (2) 


pc p/i pi 
CD C4 C / 


111 1 /"1\ 

I2l.j (2) 


p/i pc p/: 
C4 — CD — Co 


111 A /"3\ 

121.4 (3) 


pi r^c pc 

CI — Co — CD 


no / /i\ 

11 o.o (2) 


TvT1 PI P A 

IN 1 — C / — C4 


111 £. /1\ 

121.0 (2) 


\r1 po pn 

jn i — Co — cy 


1 1 O C /1\ 

llo.D (2) 


m 1 po rn 
JN 1 — Co — CI 3 


i i /i\ 
123.1 (2) 


pn po n i 

cy — Co — c 1 5 


1 1 O 1 /"1\ 

llo.l (2) 


po pn nn 

Co — cy — c i o 


1 in 1 /i\ 
12U.1 (2) 


p.1 pn po 

oi — cy — Co 


IK 1 /1\ 

11D.3 (2) 


f\ i pn pin 

oi — cy — cio 


11/1 /; /i\ 
124.0 (2) 


pn nn pi i 

cy — ciu — cii 


111 c /1\ 

121. D (2) 


pin n i pn 
CIU — Cll — C12 


1 1 O 1 /"1\ 

llo.l (2) 


pin n i pu 
CIU — Cll — C14 


1 in i /i\ 
12U.2 (2) 


pn pi i pu 
CI 2 — Cll — C14 


iii i /i\ 
121 . / (2) 


pi i pn p 1 1 
CI 1 — C12 — C13 


1 in /; /i\ 
120.0 (2) 


po pn pn 
Co — C 1 3 — C 1 2 


111 1 /1\ 

12 1. / (2) 


pii pi/i pm 
CI 1 — C14 — ciy 


1 in c /i\ 
12U.D (2) 


pi r pi/i pin 

C1D — C14 — ciy 


1 1 O 1 /1\ 

llo.l (2) 


pii pi/i pic 
CI 1 — C14 — C1D 


111 A /1\ 

121.4 (2) 


pi | pi c P 1 £ 

C14 — C1D — Clo 


1 in /i /i\ 
12U.4 (2) 


pi r pit pn 
C1D — Clo — CI / 


111 O |"I\ 

121.0 (3) 


\n p 1 ~7 pi o 
JN2 — CI / — Clo 


1 1 O £. /1\ 

11 o.o (2) 


pit pn pio 
Clo — CI / — Clo 


1 1 o n /i\ 
llo.U (2) 


mi pn pi£ 
JN2 — CI / — Clo 


1 n i /i\ 
123.2 (2) 


pn pio pin 

ci / — cio — ciy 


1 in n /i\ 
12U.U (2) 


p.1 pi o pin 

(J2 — C 1 0 — c i y 


11/1 o /1\ 

124.0 (2) 


p.i pi o pn 
U2 — C 1 0 — C 1 / 


1 1 C 1 /1\ 

11D.2 (2) 


pi/i pin pio 
C 1 4 — c i y — C 1 0 


111 n /i \ 
121./ (3) 


\ii pin pi 1 
JN 2 — C2U — C2 1 


111 A {1\ 

121 A (i) 


pin pii Pll 
C2U — C2 1 — C22 


1 in i fi\ 
12U.3 (3) 


Pin PII pn£ 

C2U — C21 — C2o 


111 £. /I \ 

121.0 (i) 


PH PII Pl£ 

C22 — C21 — C2o 


1 1 O 1 

llo.l (3) 


PTl PIT pii 

C2 1 — C22 — C23 


1 in n fi\ 
12U.y (3) 


Pll Pll PI/1 

C22 — C23 — C24 


nm /i\ 

ny.3 (3) 


PII PI/1 PIC 

C12 — C24 — C2D 


119.5 (2) 


C23— C24— C25 


121.3 (3) 


C12— C24— C23 


119.2 (3) 


C24— C25— C26 


118.9 (3) 


C21— C26— C25 


121.5 (3) 


C3— C2— H2 


121.00 


CI— C2— H2 


121.00 



pin pm pn 
C2y — C3U — C3 1 


1 1 O C 

llo.D (i) 


pm pn pn 
C3U — C3 1 — C32 


111 A /1\ 

121.4 (i) 


pn pn pn 
C31 — C32 — C33 


1 1 n n /i\ 
liy.U (i) 


pn pn pic 
C31 — C32 — C3D 


1 in i /i\ 
12U.3 (2) 


pn pn pic 
C33 — C32 — C3D 


1 in /; /i\ 
12U.0 (2) 


pn pn pn 
C32 — C33 — C34 


1 in A /l\ 
12U.4 (i) 


pin pi/i pn 
C2y — C34 — C33 


1 1 n n /i\ 
liy.U (i) 


Ml PIC pn 

JN3 — C3D — C32 


111 1 /l\ 
121.2 (2) 


\|1 pi<- pi -7 

JN3 — C3o — C3 / 


1 n n /i\ 
123.y (2) 


"M"l Pl£ P/1 1 

JN3 — C3o — C41 


I 1 1 A /"1\ 

I I / .4 (2) 


pn pit p/ii 
C3 / — C3o — C41 


I 1 O £L /1\ 

II o.o (2) 


pit pn pio 
C3o — C3 / — C3o 


1 in o /i\ 
12U.0 (2) 


pn pio pm 
C3 / — C3o — C3y 


iii i /i\ 
121.1 (2) 


pio pm P/in 
C3o — C3y — C4U 


1 1 O 1 /1\ 

11 0.3 (2) 


pio pm p/ii 
C3o — C3y — C42 


in /; /i\ 
121.0 (2) 


p/in pm p/ii 
C4U — C3y — C42 


1 in i /i\ 
12U.2 (2) 


pm P/in P/i i 
C3y — C4U — C4 1 


1 in n /i\ 
12U.y (2) 


p.1 p/i 1 pi /; 
(J3 — C4 1 — C3 0 


1 1 C 1 /"1\ 

I ID. I (2) 


p.1 p/i 1 p/i n 
(J3 — C4 1 — C4U 


1 i/i /; /i\ 
124.0 (2) 


pi/; p/11 p/in 

C3o — C4 1 — C4U 


120.3 (2) 


pin P/ii P/ii 
C3y — C42 — C43 


111 c /1\ 

121. D (2) 


pm P/ii pn 
C3y — C42 — C4 / 


1 in 1 /i\ 
120.1 (2) 


P/11 P/11 P/1 "7 

C43 — C42 — C4 / 


1 1 O A /1\ 

11 0.4 (2) 


p/ii p/ii p/i/i 
C42 — C43 — C44 


1 in n /i\ 
120.y (2) 


P/11 P/1/1 P/1C 

C43 — C44 — C4D 


in l /l\ 
121.2 (2) 


\ll P/1C P/1/1 

JN4 — C4D — C44 


1 n n /i\ 
122.y (2) 


TvT /I P/1 C p/i /; 

JN4 — C4D — C4o 


no/ /1\ 

11 o.o (2) 


p/i/i p/ic p/i/; 
C44 — C4D — C4o 


1 1 O 1 /1\ 

11 0.2 (2) 


p./i p/i /; p/ic 
U4 — C4o — C4D 


1 1 c 1 /1\ 

I ID. 3 (2) 


p./i p/i /; p/ii 
U4 — C4o — C4 / 


i i/i i /i\ 
124.3 (2) 


p/ic p/i/; p/ii 
C4D — C4o — C4 / 


1 in c /i\ 
120. D (2) 


p/ii p/ii P/i/; 
C42 — C4 / — C4o 


1 in n /i\ 
120.y (2) 


~KTA P/IO P/in 

JN4 — C4o — C4y 


1 in n /i\ 
120.y (2) 
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C17— C18— C19— C14 -1-4(4) 
02— C18— C19— C14 178.7(2) 
N2— C20— C21— C22 164.9 (3) 

N2— C20— C21— C26 -13.7(4) 
Symmetry codes: (i) x-\,y+\,z-\; (ii) -x-l, -y+2, -z. 



C50— C51— C52— C53 0.5 (6) 

C14— C52— C53— C54 178.9 (3) 

C51— C52— C53— C54 -1.5(5) 

C52— C53— C54— C49 0.8 (5) 



Hydrogen-bond geometry (A, °) 

Cg2, Cg5 and Cg7 are the centroids of the C8-C13, C29-C34 and C42-C47 rings, respectively. 
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C33— H33-Cg7 Yi 


0.95 


2.97 


3.850 (3) 


154 



Symmetry codes: (iii) x+\,y-\,z; (iv) x,y, z+1; (v) x-\,y, z-1; (vi) -x+\, ~y+l, -z+1. 
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